The chloroplast outer envelope protein OEP86 functions as a receptor in precursor protein translocation into chloroplasts. Sequence analysis suggests that the precursor of OEP86 is directed to the chloroplast outer envelope by a cleavable, negatively charged, and unusually long amino-terminal peptide. This presequence is unlike other potential targeting signals and suggests the existence of another membrane insertion pathway. Insertion of precursor OEP86 required the hydrolysis of adenosine triphosphate and the existence of surface exposed chloroplast membrane components, and it was not competed by another precursor protein destined for the internal plastid compartments.
The chloroplast outer envelope protein OEP86 functions as a receptor in precursor protein translocation into chloroplasts. Sequence analysis suggests that the precursor of OEP86 is directed to the chloroplast outer envelope by a cleavable, negatively charged, and unusually long amino-terminal peptide. This presequence is unlike other potential targeting signals and suggests the existence of another membrane insertion pathway. Insertion of precursor OEP86 required the hydrolysis of adenosine triphosphate and the existence of surface exposed chloroplast membrane components, and it was not competed by another precursor protein destined for the internal plastid compartments.
The protein import machinery of the outer envelope of pea chloroplasts can be isolated as one functional active unit (1, 2) . The ability to recognize and translocate precursor proteins is retained in the isolated import complex (2, 3) . The main constituents of the import complex are the proteins OEP86, OEP75, OEP34, and a heat shock cognate 70 homolog (1) (2) (3) . OEP86 is involved very early in the pathway and is a protease-sensitive component of the receptor unit (4, 5) . The biological functions of single components of the chloroplast import machinery have not been characterized (6) (7) (8) (9) .
Antibodies raised in rabbits to OEP86, either polyclonal immunoglobulin G or Fab fragments, were able to inhibit import and to decrease but not eliminate binding of the precursor (pre-) of the small subunit of ribulose-1,5-bisphosphate carboxylase oxygenase (SSU), a stroma-localized protein (10) . Fab fragments of antibodies to OEP75 did not inhibit pre-SSU binding or import (Fig. 1) . OEP75 is located in the outer envelope, where it is protease-resistant (11, 12) and serves as a component of the translocation apparatus (4, 9) . These data as well as crosslinking studies (4, 5) indicate that OEP86 is required for import of pre-SSU. OEP86 might also serve in the same function for other plastidial precursor proteins, which share a similar translocation mechanism (9, 13 The cell adhesion motif RGD (16) (13, 17, 18) . The processing site of pre-OEP86 (Fig. 2) is unlike that used by the soluble stromal peptidase (13, 18) .
OEP86 was very susceptible to proteolysis either in vitro or in situ. It is converted to a 52-kD fragment by exogenous added protease and is completely accessible to protease when the membranes are solubilized by detergent (Fig. 3A) (19) . OEP86 is also partially degraded by endogenous proteolytic activity to yield a 52-kD fragment during organelle and membrane isolation (20). The amino acid sequence of the 52-kD fragment generated by the protease thermolysin (compare Fig. 3A , lane 2) starts at residue 474 (Fig. 2) 3B ), whereas the pre-OEP86 translation product is completely susceptible to protease (23). Translocated 96-kD pre-OEP86, the processed 86-kD OEP86, and the 52-kD fragment were recovered in the insoluble membrane pellet fraction after treatment of the chloroplasts with large amounts of salt or high pH (Fig. 3B ). In contrast, the pre-OEP86 translation product was detected in the soluble fraction after extraction with high pH (Fig. 3B) . We conclude therefore that in vitro-translocated OEP86 is correctly integrated and folded in its target membrane. Integration of pre-OEP86 into the membrane seemed to precede processing, as most of pre-OEP86 was also detected in a location resistant to Na2CO3 extraction (Fig. 3B ). Chloroplast surface-bound pre-SSU is largely recovered in the soluble protein fraction after Na2CO3 treatment (Fig.  3C ), which indicates that binding of a pre- cursor protein to the chloroplast import machinery per se does not render it resistant to alkaline. Protein translocation into chloroplasts occurs simultaneously through the import machineries of both the inner and outer envelopes (5, 24) . Precursor proteins-for example, pre-SSU-span both envelope membranes while in transit through the membranes (5, 24) . The existence of stationary translocation contact sites has been proposed for chloroplasts (4, 6, 24) . We therefore wanted to determine the exact localization of imported OEP86 in the different chloroplast membranes in comparison to OEP75 and IEPI 10 as marker proteins for the outer and inner envelopes, respectively (25) . Outer and inner envelope membranes were isolated from intact chloroplasts after import assays and separated on linear sucrose density gradients. Although OEP75, an integral membrane protein and component of the translocation machinery (4, 9), was detected by immunoblot analysis in the low-density fractions of the gradient, where purified outer envelope membranes would be expected (25, 26) , IEP110 was found in higher density fractions in the gradient, well separated from gradient fractions containing OEP75 (Fig. 3D) . Both imported OEP86 and OEP75 were found only in the low-density fractions of the gradient (Fig. 3D) , which indicates that they are located in the outer envelope, as is the unlabeled protein in situ (25, 26) . Translocation contact sites would be expected in gradient fractions of intermediate density (26) . The gradient density analysis demonstrated that two polypeptides involved in protein transport, OEP86 and OEP75, are mostly if not exclusively found in the outer chloroplast envelope. We suggest that the protein translocation unit of the outer chloroplast envelope is independent of, but may cooperate with that of, the inner membrane (2, 9). For unknown reasons, the ratio between processed mature OEP86 and pre-OEP86 varied (Fig. 3, C  and D) . In general, between 5 and 10% of the added pre-OEP86 translation product was recovered together with the chloroplasts after a translocation experiment. Other OEPs as yet identified from plastids and mitochondria do not possess a cleavable NH2-rerminal precursor sequence (presequence) (17, 27, 28) . The translocation requirements of OEP86 might therefore be different from those of other OEPs, such as OEP7 from spinach (27) and OEP14 from pea (28) . Translocation of pre-OEP86 requires both hydrolysis of ATP for productive A insertion and the presence of protease-sensitive chloroplast surface components for binding (Fig. 4A) . Excess (0.1 FLM) unlabeled pre-SSU severely blocks import of the pre-SSU translation product into chloroplasts (Fig. 4B) 1 2 3 4 5 6 7 (30) , similar to that required for the binding of precursor proteins. The processing peptidase for pre-OEP86 has yet to be identified, but it should be associated with the plastid outer envelope fraction, because the NH2-terminus of OEP86 seems to be exposed to the cytosol and it is unlikely that it crosses both envelope membranes to reach the stroma for processing. Hemolysin of Escherichia coli is activated by fatty acylation of the protoxin, directed by the putative acyl transferase HlyC and by acyl carrier protein (ACP). Mass spectrometry and Edman degradation of proteolytic products from mature toxin activated in vitro with tritium-labeled acylACP revealed two fatty-acylated internal lysine residues, lysine 564 and lysine 690. Resistance of the acylation to chemical treatments suggested that fatty acid was amide linked. Substitution of the two lysines confirmed that they were the only sites of acylation and showed that although each was acylated in the absence of the other, both sites were required for in vivo toxin activity.
Hemolysin (HlyA) secreted by pathogenic E. coli binds to mammalian cell membranes, disrupting cellular activities and causing cell lysis by pore formation (1, 2 (Fig. 1) , and no labeled compounds of small molecular size were detected in the chloroform-methanol phase when active acylated toxin was treated alone (8) . When ['4C]palmitoylHlyA was treated with trifluoromethanesulfonic acid (TFMS), HlyA again remained labeled and again no labeled compounds of small molecular size were found in the extracting organic phase (Fig. 1) . The data indicate that the fatty acid was linked covalently, not through an acyl ester bond or sugar linkage but most likely directly by an amide bond.
Three fragments spanning the 1024-residue proHlyA were generated in vivo from T7 expression vectors (9) (10) (11) . Fragment N1-520 included the entire hydrophobic membrane-spanning domain, 1496-831 included the first 11 out of 13 glycine-rich Ca2+-binding repeats, and C831-1024 contained the final two repeats and the COOH-terminus (Fig. 2 ). Isopropyl-P-Dthiogalactopyranoside induction of E. coli strain BL21 (DE3) produced up to 30 mg of proHlyA fragments per liter of culture, and the three fragments, purified as described (4) (Fig. 2) . When the three proHlyA fragments were incubated together in equal amounts, 1496-831 was still the only fragment labeled (8) .
In vitro-activated acylated [3H]palmitoylHlyA was digested with endoproteinase Lys-C ( 12) . The resulting peptides were resolubilized, first in acidic aqueous acetonitrile, which recovered 15% of the total radioactivity, and then a second time in the presence of guanidinium chloride (GnCI), which recovered all of the remaining 85% (13) . The two samples obtained were fractionated on a reversed-phase high-performance liquid chromatography (HPLC) C8 column (13) (Fig. 3) . Each fractionation gave one major 3H peak, the retention times of which differed substantially, which indicated that the peptides were of different size or stoichiometry of substitution or both. Recovery of 3H from the first and second HPLC runs was 78 and 89%, respectively, which confirmed that the relative abundance of the labeled peptides was an approximate reflection of the extent of in vitro labeling of the two sites in the intact protoxin.
Mass spectrometry (14) of HPLC peptide peak 1 (two fractions, 184 pmol of 3H) revealed that it contained a predominant species of molecular mass 1630.2 ± 0.8 daltons, termed peptide 1, and that HPLC peak 2 (one fraction, 477 pmol of 3H) con-
